2. This method has been applied to the determination of catechols formed during the metabolism of fluoro-, chloro-, bromo-, iodo-and o-dichlorobenzene in the rabbit. Between 20 and 30 % of the monohalogenobenzenes metabolized are converted into the corresponding 4-halogenocatechols which are excreted mainly in conjugated forms for 2-3 days after dosing. Some 8 % of o-dichlorobenzene is dihydroxylated. The isomeric monochlorophenols aind phenol are also oxidized to catechols to a small extent (05-4 %).
Quick (1932) noted that the conjugated products formed during detoxication processes in the body were highly acidic, and suggested that the purpose of conjugation may not primarily be a detoxication mechanism in the sense of rendering a toxic group inert, but a means of converting a weak acid into a strong acid which can be readily eliminated. That conjugated compounds such as glucuronides, hippuric acids, arylsulphuric acids are strongly acidic seems to be generally true but the ionization constants of only a few of these compounds have been measured (cf. Williams, 1947) .
EXPERIMENTAL
Compound&. The glucuronides, mercapturic acids and phenylacetylglycine used had been prepared biologically from time to time in this laboratory. Their melting points and rotations were checked with the literature. The hippuric acids and ornithuric acid used were synthetic.
Measurem,en of pKa. The apparent dissociation constants of the acids at 22°were determined in the usual manner from the potentiometric titration curves. Measurements of pH were made with a Cambridge pH meter using a glass electrode. The compound (15-30 mg.), dissolved in freshly boiled distilled water to give an approximately 0001m solution, was titrated with 0-02N-NaOH, measuring the pH at 0-1-0-2 ml. intervals. pK. was taken as the pH at which half the acid was neutralized. Salts were titrated with 0-02N-HCI.
The pKa values of amphoteric compounds, such as the aminophenylglucuronides and quinolylglucuronides, were determined by titration with both acid and alkali. spectroscopic method (cf. Morton & Lunn, 1952 Tables 1-3 . Maximum values of A and e for the aminophenylglucuronides in acid and alkali are quoted in Table 4 . The alkaline spectra of these glucuronides are very similar to the corresponding aminophenols (cf. Morton & Stubbs, 1940) .
The optical rotation8 of the aminophenylglucuronide8. The optical rotations of the aminophenylglucuronides in 0-IN-HCI were determined by Williams (1943) . Bray, Clowes & Thorpe (1952a) have recently prepared these compounds and determined their rotations in water. It is well known that the rotations of amino acids vary with pH (cf. Neuberger, 1948) , and it appears that the aminophenylglucuronides behave'somewhat similarly. In acid solutions these glucuronides will occur as cations and in alkali as anions. Table 5 shows that the optical rotations of these compounds are more negative in alkali than in acid, especially those of the o-and m-isomers. The p-isomer, however, only shows very small differences, and Williams (1943) showed that this compound analysed as a monohydrate, whereas the o-and m-isomers were anhydrous. The sample of the p-isomer used in thiswork wasnewly preparedand had m.p. 2150 (decomp.). the carboxyl group of P-glucuronides would not be very different in acidity from that of glucuronic acid itself, which has a pKa of 2-93. At the pH of blood (7.4), glucuronides are, therefore, practically completely ionized and, in general, one would expect them to be readily excreted. Furthermore, they are usually stronger acids than their precursors even though these may be carboxylic acids such as veratric acid (pKa, 4.44) . Veratroylglucuronide has pK. 3-47 (Table 1) . Benzoic acid (pKa, 4.2) forms benzoylglucuronide for which Quick (1932) quotes a pKa value of about 2-52, which is probably somewhat low. Glucuronides may be formed from primary, secondary and tertiary alcohols in which the pKa of the hydroxyl group is in the range 12-19, from phenols, pKa range 5-11, and from some carboxylic acids, pKa range 3-5. If the purpose of the conjugation is to increase acid strength so as to produce a highly ionizable compound which would be rapidly excreted, it may be expected that, other things being equal, a compound with a pKa of about 3 or less, i.e. less than that of a glucuronide, would not be conjugated. This is true to some extent since o-nitrobenzoic acid (pKa, 2.21) and o-chlorobenzoic acid (pKa, 2.89) are excreted largely unchanged by rabbits (Bray, Thorpe & Wood, 1949; Table 2 . Apparent di88ociation con8tants of bio8ynthetic amphoteric glucuronides (Values in parentheses were determined spectroscopically. Values for the precursors are taken from the literature. The glucuronides of the hydroxyquinolines are described by Smith (1953) . The 2-and 4-quinolones do not conjugate directly but are first hydroxylated, so that x may be 3, 5, 6, 7 or 8.) f-Glucuronide Thorpe, White & Wood, 1952b) . Furthermore, mand p-nitrobenzoic acids (pK0 3-46 and 3-4) are also excreted mainly unchanged (Bray et al. 1949 ). However, some strong acids are conjugated (see below). 
(1952a).
The mercapturic acids quoted in Table 3 all have PKa about 3-7 and are derived from non-acidic hydrocarbons. The hippuric acids (Table 3 ) also have pK. values in the region of 3 7, close, as would be expected, to that of acetylglycine (pK., 3.6).
Ornithuric acid, which appears to be formed only in birds, also has a pKa of 3*7. Thus, all the thirty-one conjugated compounds recorded in this paper have PKa values between 3 and 4. Conjugated sulphuric acids (ethereal sulphates) are even stronger than this, for Burkhardt, Ford & Singleton (1936) have shown that potassium phenylsulphate and potassium p-nitrophenylsulphate are salts ofstrong acids, since they show, with hydrochloric acid, no buffering action detectable by indicators, whereas potassium sulphate shows marked buffering action under the same conditions. Furthermore, in some animals, pyridine (pK., 5.21) and quinoline (pKa, 4.94) are methylated and excreted as the highly ionized methyl-pyridinium and methyl-quinolinium hydroxides which are known to be strong bases, although no pK0 values appear to have been recorded. Furthermore, the weak hydrocyanic acid (pKa, ) is converted in animals into the much stronger thiocyanic acid.
o-Chlorobenzoic acid (pKa, 2-89) is excreted largely unchanged by rabbits, but a small amount of it forms an ester glucuronide which presumably would have a pKa of just over 3. It also conjugates to a slight extent with glycine (Bray et al. 1949) to form o-chlorohippuric acid (pK., . Thus, both glucuronic acid and glycine conjugations produce acids weaker than the precursor. It is possible that in order to become conjugated a compound must enter a cell, and owing to its low pKa, o-chlorobenzoic acid only does so to a small extent. Thus its conjugation is low. In the case of salicylic acid (pKa, 3.23) the formation of salicyluric acid (pK0, 3.62), or of salicylglucuronides (which would probably have pK. values about 3-3.5) or gentisic acid (PKa, 3.32) , hardly makes any difference in acidity.
However, despite its relatively high acidity, salicylic acid appears to be appreciably oxidized and conjugated in some species. According to Bray, Ryman & Thorpe (1948) nearly 30 % may form glucuronides and at least 5 % may be oxidized to gentisic acid in the rabbit. In man, it is mainly converted to salicyluric acid (Kapp & Coburn, 1942) ; some 25 % is converted to glucuronides and 4-8 % oxidized to gentisic acid. According to Alpen, Mandel, Rodwell & Smith (1951 ) (cf. also Schayer, 1950 ) the amounts of metabolites of salicylic acid excreted by man are variable. They give salicylic acid 10-85, salicyluric acid 0-50, gentisic acid up to 1 and salicylglucuronides 15-40% of the dose. Salicylic acid, however, appears to penetrate into all the tissues of the body (Goodman & Gilman, 1941; cf. also Gross & Greenberg, 1948) . These facts suggest that compounds may conjugate with glucuronic acid (or glycine in the case of carboxylic acids) irrespective of their pK. if they can penetrate cells.
According to Hober (1946) a conjugation mechanism may have two effects. In the first place, the toxic substances, which ate often weak electrolytes and lipoid'soluble and thus are apt to enter cells, are converted into strong electrolytes and this results in an incapacity to enter cells. The second effect is the formation of a hydrophobic-hydrophilic compound which can be eliminated by way of the kidney. Sperber (1948) has shown that a number of glucuronides and ethereal sulphates and hippuric acid are readily excreted by the tubules in the chicken. The present results show that all conjugates are strong electrolytes, and it is also known that they possess the polar-non-polar or so-called organophilichydrophilic structure. Many studies in the past have suggested that the polarity of a molecule largely determined whether or not a compound was between pKa and excretion has been studied by Fisher, Troast, Waterhouse & Shannon (1943) who found that although in many cases the polarity of the compound was important, several weakly polar compounds, e.g. sulphanilylsulphanilamide, were actively secreted whilst some strongly polar molecules, e.g. sulphanilic acid, were not; they concluded that structure and possibly other factors, as well as pKa, were involved.
The present work shows that the majority of conjugation processes result in the production of relatively strong electrolytes, which are easily excreted, from weaker ones. Organic compounds which are stronger electrolytes than their possible corresponding conjugates tend to be excreted largely unchanged, unless they can penetrate cells. In the latter event conjugation appears to take place irrespective of whether the pKa of the precursor is greater or less than that of the conjugate formed.
The relation of pKa to type of conjugation may be summarized: hippuric acid formation, when it occurs, appears to be limited to carboxylic acids where the pKa range is 2-5, ethereal sulphate formation occurs usually with phenols where the pK. range is 6-1 1; glucuronic acid conjugation, however, when it occurs, appears to take place irrespective of pKa from 2-20. SUMMARY 1. The apparent dissociation constants of twenty-one biosynthetic P-glucuronides have been measured. The pK. values were all between 3 and 4, and close to that of glucuronic acid (2.93).
2. p-Chloro-, p-bromo-and p-iodo-phenylmercapturic acids had pKa values about 3-8, near to that of phenylmercapturic acid (3.6). Ornithuric acid had pK. 3-7.
3. Fivehippuric acids hadpKa about 3-7, close to that of acetylglycine (3-6).
4. The above results are discussed and it is shown that most conjugated compounds are stronger electrolytes than their precursors. Some exceptions to this rule are explained.
5. The absorption spectra and optical rotations of the aminophenylglucuronides have been determined and discussed.
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